Motivation for the proposal
Landslide is defined as "movement of a mass of rock, earth or debris down a slope" [1] . It includes mudflows, earth slumps, rock-falls, and other types of slope failures. Landslides can cause some of the most spectacular damage attributable to ground movements damaging infrastructures and threatening human lives. Triggering mechanisms of landslides includes natural phenomena (such as rainstorms) and human activities.
Early predictions (using computer simulations) and warnings are essential for the reduction of damage and loss of life. Traditionally, slope (in)stability analysis methods have been confined to the initiation of the slope failure. However, one should remember that the risk from slope failure also depends on the failure consequence. For instance, a superficial slide that results in a minor crest displacement may not result in a significant consequence, while a minor initial slide, which has the effect of triggering a larger slide, may have a much greater consequence. Therefore, a full analysis of a slope failure process including the post failure part (or the runout part) is of great interest for early warning systems. This kind of analysis involves the material non-linearity of the soil, and the geometrical non-linearity of the problem coming from an extremely large deformation in the system.
Description of research area
Efforts have been made in understanding the mechanics of these catastrophic events, in order to make more reliable predictions (e.g. [2] [3] [4] ). Unfortunately, in case of large deformations, traditional computational methods, e.g. the finite element method (FEM), often experience extreme mesh distortions, which may compel the analyses to abort abruptly. Thus, a re-meshing algorithm is often required to get rid of this problem, which in turn, results in high computational cost. Given such a situation, other computational techniques have started to be investigated and used.
Generally, the methods can be classified as either Eulerian or Lagrangian methods, with each having its own advantages and disadvantages [5] . By taking advantage of both Lagrangian and Eulerian methods Sulsky et al. [6] developed MPM for the simulation of the dynamic deformation processes of solid bodies. The MPM is actually developed based on the FEM and utilises two discretisations: one represented by the material points, that is, the Lagrangian mesh; and the other by the background mesh, that is, the Eulerian mesh. The information associated with the problem is stored at the material points (Lagrangian mesh) and tracked through the whole computation, while the Eulerian mesh is used only for the computation and can be reset regularly, so that the grid distortion is completely avoided.
The MPM has been proven as one of the most suitable methods for solving large deformation problems involving geometrical non-linearity, and it has been applied to simulate geotechnical problems like slope failures and landslides [7] [8] [9] [10] . However, the validation of the numerical solution in this application is still very limited. The reason for that is coming from the fact that they are actually suffering from lack of appropriate constitutive model which can successfully handle the material non-linearity. This is exactly the point of this project.
So far, in the development of MPM, the discussions mainly focused on the method itself with little emphasize on the effect of constitutive models in the predictions. The necessity of using advanced constitutive models has already been highlighted in the literature [11, 12] , however no one could successfully implement such a model in a MPM framework, so far. The reason is related to the existence of inconsistency between the material state parameters and stress/strain variables in MPM, when material points travelling between the elements. Actually, in MPM, the material state parameters are fully stored in material points, while the stresses/strains of the material points are calculated based on a mapping procedure from the element nodes. One should remember that the computational core of the MPM is FEM, which is not a locally conservative solution. Thus, mapping a stress/strain variable from the element nodes to a material point, which has been travelled between two elements, might result in loss/gain of mechanical energy in the local level.
Our solution for this problem is to provide a locally conservative strategy that makes the material state parameters and the stress/strain variables consistent. We think this is achievable by adding restrictions to the basis functions of the approximated solution to guarantee the continuity of the stress/strain variables between the elements.
Motivation for Post Doc. supervision
For this purpose, a post-doctoral researcher with a background of MPM during his/her PhD has a great advantage compared to a PhD. student. We are currently in touch with Prof. Vardon from TUDelft and Prof. Coombs from Durham University on this topic. TU Delft and Durham University are very active in the MPM research community and both are in the forefront of MPM development. Their research groups in MPM is already well established and since they agreed to establish a possible joint initiative in MPM with us. We will benefit strongly, if we have someone with significant background of MPM onboard. A Post. Doc. will definitely strengthen our collaboration with these universities, which might lead to joint proposals for EU projects in the future.
Relevance to the research strategy of IBM
A PostDoc study is proposed on Runout Analysis of Landslides using Material Point Method, with a working title: "Implementation of an advanced constitutive model in a MPM code". The proposal falls within the IBM focus area on effects of climate changes on Norwegian society and also contributes to the IBM focus area on Information Technology in terms of building improved mathematical models for predicting slope failures and landslides. The proposal aims to strengthen our activity within the Centre of Excellence "PoreLab" in cooperation with Dept. of physics and Dept. of Chemistry at NTNU.
The geotechnical group has been recently involved in two projects "Remedy2" and "KlimaDigital" regarding slope stability and early warning systems for large-scale geohazards events, such as landslides, snow avalanches, and debris flows. However, they are mainly focused on the initiation of the slope failure, and not the consequence. This project aims to take into account the consequence of a landslide as another factor for risk analysis and management.
